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Purpose 

To explore the safety and therapeutic activity of combination anti-B-cell monoclonal antibody 
therapy in non-Hodgkin's lymphoma (NHL). 

Patients and Methods 

Twenty-three patients with recurrent B-cell lymphoma received anti-CD22 epratuzumab 360 
mg/m 2 and anti-CD20 rituximab 375 mg/m 2 monoclonal antibodies weekly for four doses 
each. Sixteen patients had indolent histologies (15 with follicular lymphoma) and seven had 
aggressive NHL (all diffuse large B-cell lymphoma [DLBCL]). Indolent patients had received 
a median of one (range, one to six) prior treatment, with 31 % refractory to their last therapy 
and 81 % with high-risk Follicular Lymphoma International Prognostic Index scores. Patients 
with DLBCL had a median of three (range, one to eight) prior regimens (1 4% resistant to last 
treatment) and 71% had high intermediate-risk or high-risk International Prognostic Index 
scores. All patients were rituximab naive. 

Results 

Treatment was well tolerated, with toxicities principally infusion-related and predominantly 
grade 1 or 2. Ten (67%) patients with follicular NHL achieved an objective response (OR), 
including nine of 15 (60%) with complete responses (CRs and unconfirmed CRs). Four of six 
assessable patients (67%) with DLBCL achieved an OR, including three (50%) CRs. Median 
time to progression for all indolent NHL patients was 17.8 months. 

Conclusion 

The full-dose combination of epratuzumab with rituximab was well tolerated and had 
significant clinical activity in NHL, suggesting that this combination should be tested in 
comparison with single-agent treatment. 
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the treatment of CD20-positive B-cell NHL in 1997, is a 
human-mouse chimeric immunoglobulin Gl (IgGl) MAb. 10 
It targets the CD20 antigen present on B cells and produces 
rapid and severe B-cell depletion. Although rituximab is 
useful as a monotherapy and in combination with chemo- 
therapy for various forms of NHL, virtually all patients 
experience disease relapse after single-agent treatment. 10 
Given that another B-cell antigen, CD22, is also abundantly 
expressed in a similar pattern and frequency as CD20 in 
B-cell NHL, 11 we examined a humanized anti-CD22 MAb, 
epratuzumab, in dose-escalation trials of NHL patients with 
indolent and aggressive disease. 12 ' 13 

The encouraging safety and efficacy results obtained as 
a monotherapy given once weekly during 4 weeks stimu- 
lated our interest in examining whether administration of 
full doses of epratuzumab combined with rituximab would 
be well tolerated and could perhaps enhance responses 
compared with the known experience with either antibody 
alone. This logical next step in the development of immu- 
notherapy of NHL explores the concept that agents tar- 
geting two different antigen sites on cancer cells, which 
may at least in part have different mechanisms of action, 
might have additive or synergistic antilymphoma effects 
or could potentially overcome single-agent resistance. In 
this phase II study, we report the first results in patients 
with relapsed/refractory indolent and aggressive NHL 
receiving a combination of two anti-B-cell antibodies, 
epratuzumab and rituximab. 



Study Design 

This was a phase II single-center trial evaluating four intra- 
venous infusions of the chimeric anti-CD20 MAb, rituximab, 
combined with epratuzumab, a humanized anti-CD22 antibody, 
in patients with relapsed or refractory indolent or aggressive NHL. 
The objectives were to evaluate the tolerability, safety, dose- 
limiting toxicities, immunogenicity, and clinical activity of the 
combined antibody immunotherapy. Initially, seven patients re- 
ceived the first dose of epratuzumab on the first day, followed by 
rituximab 2 days later. After the safety of this combination was 
confirmed, subsequent patients received epratuzumab followed 
within 1 hour by rituximab, infused during 4 to 6 hours on the 
same day. Infusions of both agents were administered weekly for 4 
consecutive weeks, with assessments for response and toxicity 
performed 4 weeks after the last infusion. The patients were re- 
evaluated every 3 to 4 months for the first 2 years, and every 6 
months thereafter until disease progression. 

Antibodies 

Epratuzumab (humanized IgGl [k], anti-CD22 monoclonal 
antibody [hLL2]) was produced and subjected to quality control at 
Immunomedics Inc (Morris Plains, NJ), and was administered at 
dose of 360 mg/m 2 /wk. Rituximab (chimeric IgGl [k], anti-CD20 
monoclonal antibody) was administered at a dose of 375 mg/ 
m 2 /wk for 4 consecutive weeks; each infusion occurred after the 



administration of epratuzumab, except in the first cohort of pa- 
tients (as described above). 

Study Population 

Patients at least 18 years of age with histologically confirmed, 
relapsed, or refractory indolent and aggressive B-cell NHL were 
enrolled, provided they experienced disease progression after at 
least one prior therapy regimen, had a performance status of less 
than 2 according to the Eastern Cooperative Oncology Group 
criteria, were not pregnant or lactating, and had a life expectancy 
of more than 3 months. The patients were required to have CD20 + 
and CD22 + NHL, as determined by either immunohistochemistry 
or flow cytometry of tumor specimens obtained at any time before 
enrollment. The WHO classification of lymphoma subtypes was 
used for this report. 14 ' 15 Within 4 weeks before receiving study 
treatment, patients were required to have a hemoglobin more than 
8.0 g/dL, an absolute granulocyte count > 1,500//aL, a platelet 
count > 75,000/ /xL, a serum creatinine of < 1 .5 X the upper limit 
of normal, a serum bilirubin < 1.5X the upper limit of normal, 
absence of positive hepatitis B and C serology, and nonbulky 
disease < 10 cm in the largest diameter. They were required to be 
at least 4 weeks beyond any chemotherapy, radiotherapy, or bio- 
logic therapy, and 2 weeks beyond corticosteroid use. All patients 
were rituximab naive. Patients with CNS disease, HIV, or Richter's 
lymphoma were not eligible. The protocol was approved by the 
Weill Medical College of Cornell University-New York Presbyte- 
rian Hospital Institutional Review Board, and written informed 
consent was obtained from all patients. 

Study End Points 

Safety end points included the incidence of adverse events 
(AEs), including those occurring during or within 7 days of the 
MAb infusions and all later events deemed possibly or probably 
related to treatment, and change in the human antihuman anti- 
body (HAHA) status, laboratory values, and infusion-day vital 
signs . AEs were recorded throughout the study and graded accord- 
ing to the National Cancer Institute Common Toxicity Criteria 
(version 2.0). Monitoring included frequent hematology and se- 
rum chemistry profiles, periodic monitoring of immunoglobulins, 
and immunophenotyping of blood mononuclear cells. The pa- 
tients were screened for serum anti-CD22 antibody (HAHA) us- 
ing an enzyme-linked immunosorbent assay (Immunomedics 
Inc), which has a sensitivity of 5 ng/mL. Samples were obtained 
within 4 weeks before study entry, 24 hours after the last infusion, 
at restaging, and 3 months after the last treatment. 

Efficacy 

Responses were assessed according to the International 
Workshop NHL response criteria. 16 Bidimensional computed to- 
mography data for the neck/chest and abdomen/pelvis were col- 
lected at screening, restaging, and follow-up visits for evaluation of 
disease response. Bone marrow aspirates and biopsies were per- 
formed at study entry and as required to confirm complete re- 
sponses (CRs). Time to progression (TTP) was measured from the 
first infusion until the first evidence of progression. 

Statistical Analyses 

All patients who received more than one dose of epratu- 
zumab and rituximab were included in the safety and efficacy 
analyses. The analyses of the objective response (OR) rate for 
indolent and aggressive NHL and TTP were based on the assess- 
able patient subset (all enrolled patients who received > one dose 
of epratuzumab and rituximab, and had > one post-treatment 
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Patients 

Between September 2000 and July 2002, 23 patients 
with indolent (n = 16) and aggressive (n = 7) NHL who 
received at least one dose of epratuzumab and rituximab 



were enrolled onto the study and included in the evaluation 
of safety. Twenty-two of these patients were included in the 
evaluation of efficacy; one patient withdrew consent after 
only one infusion of epratuzumab and rituximab because of 
pre-existing disease-related symptoms (pain), and was not 
included in the evaluation of efficacy because of inadequate 
post-treatment evaluation. Demographic and clinical char- 
acteristics for enrolled patients are listed in Table 1. Fifteen 
patients with follicular NHL, one patient with marginal- 
zone NHL, and seven patients with diffuse large B-cell lym- 
phoma (DLBCL) were enrolled. Patients with indolent and 
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e NHL had similar demographic and clinical char- 
acteristics. Slightly more females than males were enrolled 
(63% with indolent and 57% with aggressive NHL, respec- 
tively). Additional characteristics included the following: 
100% were stage III/IV and approximately one third had 
bone marrow involvement at study entry. Patients with 
indolent NHL had a median of 4.5 years from diagnosis, and 
patients with aggressive NHL had a median of 2.5 years 
from diagnosis. The median age was 64.5 years for indolent 
NHL patients (range, 31 to 84 years) and 67 years for 
DLBCL patients (range, 26 to 86 years). All patients had at 
least one prior therapy; there was a median of one prior 
therapy (range, one to six prior therapies) for indolent NHL 
patients and of three prior therapies (range, one to eight 
prior therapies) for aggressive NHL patients. No patient 
had received prior therapy with rituximab. 
Safety 

Treatment was well tolerated, and no dose -limiting 
toxicity was encountered. After seven patients received their 
week 1 doses separated by 2 days (treatment was received on 
days 1 and 3) without difficulty, subsequent patients re- 
ceived therapy with both epratuzumab and rituximab on 
days 1, 8, 15, and 22. Toxicities encountered during the 
course of treatment are summarized in Table 2. Most clin- 
ical AEs (91%) were mild to moderate (grade 1 or 2) and 
self-limited. The majority of patients experienced AEs dur- 
ing the first infusion, and both the incidence and frequency 
declined with subsequent infusions. Approximately 61% 
(14 patients) had AEs that were considered to be related 
(probably or possibly related, or of unknown relationship) 
to the study treatment. All AEs with at least a 10% frequency 
are reported in Table 2. Given the close temporal rela- 
tionship of the administration of the agents, it is not 
possible to attribute AEs definitively to one antibody or 
the other. No clinically significant changes in laboratory 
measurements (including hematology values and serum 
chemistries or vital signs) were noted, and no serious 
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treatment-related AEs occurred. No patient developed 
HAHA against epratuzumab. 

Rituximab in combination with epratuzumab ablated 
the blood B-cell levels for up to 6 months, as measured 
by CD19 + and CD20 + cell counts, but mean/median 
IgM, IgA, and IgG levels remained at baseline levels at 
all evaluations. 

Responses to Treatment 

In the 16 assessable patients with indolent NHL, the 
OR rate was 63% (10 of 16 patients), with nine patients 
(56%) achieving a CR or unconfirmed CR (CRu) and one 
patient achieving a partial response (PR), as listed in Figure 
1. We also analyzed the CR rate of the indolent NHL pop- 
ulation according to the follicular lymphoma international 
prognostic index score (FLIPI) at study entry. 6 The FLIPI is 
currently the most widely accepted prognostic assessment 
for indolent NHL. Of 16 indolent NHL patients, two of 
three patients with an intermediate-risk FLIPI score 
achieved a CR, whereas five of 13 patients (46%) with a 
high-risk FLIPI score achieved a CR or CRu. In the six 
assessable patients with DLBCL, the OR rate was 67% (four 
of six patients), with three CRs and one PR. An intent-to- 
treat analysis (including one patient who was considered 
inassessable because only one infusion was administered) 
results in an OR rate of 57% for the DLBCL group. The 
median time to response was 57 days. The median duration 
of remission for indolent and aggressive NHL has not been 
reached. Median TTP for indolent NHL was 17.8 months. 
The Kaplan-Meier curves of duration of remission and TTP 
are shown in Figures 2 and 3. Responses are ongoing in 
seven of the 16 patients with indolent NHL and three of the 
six patients with aggressive DLBCL. 




I. Response rate for patients with indolent-follicular, indolent-other, 
I indolent NHL, and aggressive diffuse large B-cell lymphoma. CR, 
ete response; CRU, unconfirmed CR. 
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Therapy with rituximab is used widely in the treatment of 
indolent and aggressive NHL. In a registration trial that lead 
to initial approval, rituximab 375 mg/m 2 per week for 4 
weeks in 166 patients with relapsed or refractory indolent 
NHL showed an OR rate of 48% (6% had CRs) and a 
median TTP of 13 months for responders. 10 In the follicular 
subset, response rates were higher (60%). In patients with 
aggressive NHL subtypes, rituximab therapy has an approx- 
imately 30% overall response rate, with a median of 8 
months time to disease progression for responders. 18 AEs 
after single-agent rituximab treatment are generally brief 
and are usually related to the first infusion, but can include 
grade 3 and 4 toxicities. 10 With these encouraging results, 
the optimal use of rituximab in the treatment of indolent 
and aggressive NHL remains under active investigation, 
particularly through the use of maintenance therapy sched- 
ules. 19 Furthermore, there are continuing efforts to im- 
prove on the success of rituximab treatments for B-cell 
malignancies, including combinations with other biologic 
agents such as interleukin-2, 20 ' 21 chemotherapy- rituximab 




regimens (eg, cyclophosphamide, doxorubicin, vincristine, 
and prednisone plus rituximab), 7 ' 22 " 25 and the develop- 
ment of second-generation CD20 MAbs. 2628 This report 
describes the first clinical trial to evaluate a combination 
antibody therapeutic regimen targeting two distinct B cell- 
specific targets (CD20 and CD22). 

The hypothesis leading to this study was that antibod- 
ies directed against other B-cell antigens, and with poten- 
tially different mechanisms of action, might overcome any 
initial intrinsic resistance to rituximab, and could possibly 
also prove to be additive or synergistic when combined with 
rituximab. The candidate target chosen was CD22, a 135-kd 
transmembrane glycoprotein that is a B-lymphocyte- 
restricted member of the immunoglobulin superfamily, 
and a member of the sialoglycoprotein family of adhe- 
sion molecules that regulate B-cell activation and the 
interaction of B cells with T cells and antigen-presenting 
cells. 29,30 CD22 is detected on more than 85% of B-cell 
NHL. 13 Furthermore, preclinical data suggested that 
CD22 is an attractive target for B-cell-based therapy 
because of its restricted expression and potential en- 
hancement of effects from an anti-CD20 therapy. 27 

The initial step in this approach included the devel- 
opment and characterization of a mouse monoclonal 
antibody (mLL2, formerly called EPB-2) that specifically 
binds to cluster C of human CD22. 31 Epratuzumab is a 
complementarity-determining region-grafted, human- 
ized, IgGl K-engineered version of this murine MAb that 
is potentially more appropriate for repeated clinical use 
because less murine protein is present than in a chimeric 
MAb. Indeed, when naked and radiolabeled forms of epratu- 
zumab were administered repeatedly to NHL patients, it was 
well tolerated and had virtually no immunogenicity. 12 ' 13 ' 32 

In vitro immunohistologic evaluations demonstrated 
an overlapping expression of CD20 and CD22 in samples of 
B-NHL. 33 ' 34 Mechanistically, epratuzumab has not been 
found to cause B-cell killing by apoptosis or complement- 
mediated cytotoxicity, but has shown modest antibody- 
dependent cellular cytotoxicity when tested on NHL cell 
lines. 35 In contrast, all three mechanisms of action have 
been reported for rituximab, 36 as well as for other recently 
developed human CD20 MAb. 26 ' 27 The mechanism of ac- 
tion of epratuzumab may in part be related to its rapid 
internalization after its binding to CD22-expressing lym- 
phoma cells. 37 

We demonstrated single-agent activity of epratuzumab 
in phase I/II, single-center, open-label, dose-escalation 
studies in patients with NHL who had experienced disease 
relapse after conventional chemotherapy or rituximab 
treatment. In these studies, 55 patients with indolent NHL 
and 56 patients with aggressive NHL received once -weekly 
epratuzumab 120, 240, 360, 480, 600, and 1,000 mg/m 2 
administered for 4 consecutive weeks. 12 ' 13 In addition, 11 
patients tolerated two treatment cycles, whereas one patient 
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underwent three treatment courses. 38 Dose-limiting toxic- 
ity was not encountered in the initial dose escalation, and 
the study was expanded following additional experience at 
intermediate dose levels to include more patients receiving 
the 360 mg/m 2 /wk dosing in the phase II arm. At this dose, 
six of 14 patients (43%) with follicular NHL and two of 13 
patients (15%) with DLBCL achieved an objective re- 
sponse, 12 ' 13 and several CRs were noted. Given that both 
anti-CD22 and anti-CD20 have clinical activity, through 
binding to different targets, evaluation of a combination 
regimen is clearly of interest. 

In vitro studies also supported the potential improved 
efficacy of this antibody combination because of the obser- 
vation that rituximab therapy could upregulate the expres- 
sion of CD22. 33 ' 35 Furthermore, murine experiments with 
human NHL xenografts showed that epratuzumab in com- 
bination with rituximab or with another CD20 MAb, hA20, 
may be more efficacious than either monotherapy. We 
speculate that rapid internalization of CD22, especially after 
binding with epratuzumab, may result in activation of non- 
receptor tyrosine kinases associated with phosphorylation 
of the cytoplasmic tail of CD22, as well as negative regula- 
tion of the B-cell antigen receptor, which could increase the 
antilymphoma effects of anti-CD20 agents. 33 ' 35 

In this pilot trial, toxicity to the combination antibody 
regimen was similar in nature and degree to that previously 
reported with rituximab monotherapy. Though this is a 
small study, the OR rates were 63% and 67% with this 
outpatient, four-dose course of therapy of rituximab in 
combination with epratuzumab for patients with relapsed 
indolent and aggressive (DLBCL) NHL, respectively. It is 
important to note, however, that most (13 of 16) of the 
indolent NHL patients had a high-risk FLIPI score at study 
entry, although they also demonstrated some favorable 
prognostic features (median, one prior treatment regimen; 
median, 2.5 years since last therapy; rituximab naive). The 
aggressive NHL patients were more heavily pretreated (me- 
dian, three prior treatment regimens), although their out- 
comes with the immediate prior therapy suggest that they 
may be characterized as more commonly having relapsed 
rather than refractory disease. With these caveats, the high 
CR rate in patients with recurrent NHL is noteworthy. Most 
of the responses were CR/CRu (56% for indolent/follicular 
NHL and 42% for DLBCL), which is uncommon for a 
well-tolerated biologic agent regimen in the setting of re- 
lapsed lymphoma. 

Although patient characteristics differ across studies, it 
is encouraging that these CR rates are higher than the CR 
rate reported previously for rituximab alone in comparable 
dosing schedules. 10 Although one should be cautious in 
making any comparisons, Witzig et al 16 treated a cohort of 
70 patients (83% with recurrent follicular lymphoma) using 
single-agent rituximab 375 mg/m 2 weekly for 4 weeks) in a 



study that also prospectively used the current International 
Workshop NHL response criteria. These investigators re- 
ported a CR rate of 16% and a CRu rate of 4%. 39 Prelimi- 
nary results of two follow-up multicenter studies of 
epratuzumab plus rituximab also support the idea that 
some patients with B-cell NHL may demonstrate improved 
outcomes with a combination antibody approach. 40 ' 41 

Although followup and further analysis are ongoing, 
initial results from these studies suggest that subsets of 
patients (including small lymphocytic lymphoma, DLBCL, 
and some follicular types) might benefit from the addition 
of epratuzumab to rituximab. However definitive conclu- 
sions cannot yet be made given the heterogeneous patient 
populations (histologies and prior therapies), short follow- 
up, limited subgroup numbers, and lack of a control (single 
antibody) comparison group. One could also speculate that 
there may be tumor types, based on antigen expression 
patterns, that could particularly benefit from combination 
antibody therapy. These groups might be identified 
through larger followup studies. Other approaches have 
been evaluated for their potential to augment the activity of 
rituximab. These include the addition of chemotherapy, 
the coadministration of immunostimulatory or pro- 
apoptotic agents, and the incorporation of a radioactive 
isotope. 21 ' 23 ' 42 44 Although efficacy data have shown bene- 
fits in some cases, these approaches may be limited by 
toxicities (including cytopenias, constitutional symptoms) 
and patient selection restrictions (eg, degree of bone mar- 
row involvement) . 40,44 The incorporation of a second active 
antibody without clinically meaningful additional toxicity, 
as in this report, is a particularly attractive strategy from the 
standpoint of limiting toxicity to patients. 

The high CR rate and excellent tolerability of the 
combination of the CD20 and CD22 antibodies used in 
this study suggest a number of new possibilities for the 
treatment of indolent (follicular) NHL; this combination 
therapy should be tested in a large randomized study of 
patients with recurrent/refractory indolent NHL (to 
compare single-agent with combination therapy). The 
encouraging initial results observed for the combination 
in a small number of patients with DLBCL also suggest 
that this should be expanded in a cohort of patients with 
this aggressive form of NHL. If confirmed, this well- 
tolerated combination therapy may represent an accept- 
able alternative for patients with DLBCL who may have 
difficulty tolerating intensive chemotherapy, or in those 
who either may not be candidates for high-dose chemo- 
therapy with peripheral stem-cell support or have ex- 
perienced disease relapse after it. 43 A pilot study of 
cyclophosphamide, doxorubicin, vincristine, and pred- 
nisone plus epratuzumab and rituximab in first-line 
therapy for DLBCL has shown promising results, 45 and a 
larger multicenter study is under development. 
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